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FUSIBILITY OF ASH OF UNITED STATES COALS-/ 
by 


Roy F. Abernethy / and Elsie M. Cochrane-/ 


INTRODUCTION 


Laboratory determination of the fusibility of coal ash provides consider- 
able information for the combustion engineer engaged in pulverized-coal firing 
and using underfeed and spreader stokers and hand-fired small industrial and 
domestic stokers. This information, and that obtained by trial tests, provides 
the essentials for procuring the best fuel for the particular installation. 
The continued increase in efficiently utilizing energy in coal has caused an 
increasing interest in the behavior of the ash or residue during combustion. 
This interest is shown not only in the larger electric generating plants but 
also in the domestic stokers, particularly the automatic types. Because there 
is considerable range in the fusibility of ash and there are various methods 
of combustion, it is not feasible to establish one set of specifications for 
coal based upon fusibility alone. The chemical and physical characteristics 
of the coal also must be considered for the best performance. 


An earlier publication4/ gave only the softening temperatures for mine 
samples and did not give the initial and fluid temperatures; therefore the 
fusibility intervals could not be determined. The intervals between the ini- 
tial, softening, and fluid temperatures are, in many instances, more informa- 
tive than the temperature at a deformation stage. 


This publication includes all information on fusibility of coal-ash de- 
terminations of coal tested from 1921 to 1957. These data are, for the greater 
part, from tipple samples; the preceding publication contained information al- 
most exclusively on mine samples. The data in this publication are of more 


1/ Work on manuscript completed August 15, 1958. 
2/ Chief, Analysis Section, Branch of Bituminous Coal, Division of Solid 
Fuels Technology, Bureau of Mines, Region V, Pittsburgh, Pa. 
3/ Statistical clerk, Analysis Section, Branch of Bituminous Coal, Division 
of Solid Fuels Technology, Bureau of Mines, Region V, Pittsburgh, Pa. 
Selvig, W. A., and Fieldner, A. C., Fusibility of Ash From Coals in the 
United States: Bureau of Mines Bull. 209, 1922, 119 pp. 


> 
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practical value because the tipple samp les>/ represent the coal as used; 
whereas the mine samples6/ were selected so that the coal was free of visual 
impurities, 


This information should assist the consumer when procuring and utilizing 
coal. 


COAL ASH AND ITS ORIGIN 


By definition,2/ coal ash is "inorganic residue remaining after ignition 
of combustible substances, determined by definite, prescribed methods."8/ The 
ash may not be the same in composition or quantity as the mineral matter in 
the coal. 


The temperature employed in ignition of the combustible matter is high 
enough to decompose minerals such as carbonates, sulfides (pyrite), shales, 
and clay. 


Mineral matter in coal is the composite product of (1) the mineral matter 
as a constituent of the vegetal matter from which the coal was formed, (2) 
substances absorbed by the carbonaceous material from percolating water or 
crystallized therefrom, (3) clays and minerals deposited simultaneously with 
the vegetal matter, and (4) adventitious contaminants from roof and floor 
during mining. 


Compounds of silicon, aluminum, iron, calcium, and magnesium are the 
principal constituents, with lesser amounts of titanium, sodium, potassium, 
and sulfur. In certain areas minerals containing various other elements are 
found from trace amounts to quantities large enough for economic commercial 
recovery. 


METHOD OF ANALYSIS 


Determination of the fusibility of ash is empirical; and factors such as 
rate of heating, atmosphere, and particle size of ash in test piece affect the 
results. Development of the method of analysis used to obtain the data in 
this report has been published.9/ 


5/ Snyder, N. H., and Aresco, S. J., Coal Sampling (Revision of Tech. Paper 
133): Bureau of Mines Handbook, 1957, 16 pp. 
/ Holmes, J. A., The Sampling of Coal in the Mine: Bureau of Mines Tech. 
Paper 1, 1918 (rev.), 22 pp. 
7/ American Society for Testing Materials, Standard Definitions of Terms 
Relating to Coal and Coke (Designation D 121-30): ASTM Standards, 1954, 
p. 108. 
8/ Fieldner, A. C., and Selvig, W. A., Methods of Analyzing Coal and Coke: 
Bureau of Mines Bull. 492, 1951, 51 pp. 
9/ Fieldner, A. C., Hall, A. E., and Field, A. L., The Fusibility of Coal Ash 
and the Determination of the Softening Temperature: Bureau of Mines 
Bull. 129, 1918, 146 pp. 
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A detailed description of the method used to obtain the data in table 3 
also has been published. 10/ 


Coal ash ground to pass through a 74-micron (No. 200) sieve is molded 
into 3/4-inch-high triangular pyramids, referred to as cones. The side of 
the equilateral base is one-fourth inch. These cones are mounted vertically 
in a refractory base and heated in a natural gas-fired furnace at a rate be- 
tween 5° and 10° C. per minute. The gas and air are adjusted to give the 
specified heating rate and also provide the required mildly reducing atmosphere 
around the cones, An optical pyrometer of the disappearing filament type was 
used in making the temperature measurements. 


FUSIBILITY OF ASH 


The fusibility of ash should not be confused with such terms as "fusion," 
"softening," and "melting" points. It includes a temperature range and defor- 
mation record of a specially designed and prepared cone of the ash heated 
under specified conditions. 


The fusibility of ash includes; 


1. Initial Deformation Temperature. - The temperature at which the first 


rounding or bending of the apex of the cone occurs, 


2. Softening Temperature, - The temperature at which the cone has fused 
down to a spherical lump. 


3. Fluid Temperature. - The temperature at which the cone has spread out 
over the base in a flattened layer. 


Temperatures at which the above deformations occur are used to compute 
three temperature intervals —the difference between condition 1 and 2, 1 and 
3, and 2 and 3. These temperature intervals are used to estimate roughly the 
flow properties of the ash. For instance, if the temperature interval or 
fusibility range between the initial and fluid temperature is 40° to 50° F., 
the ash acts as a compound; but if this fusibility range is 300° to 500° F., 
the ash behaves as a mixture of compounds, one acting as a fluxing agent for 
a more refractory component. 


Considerable information on the industrial application of the fusibility 
of the ash has been summarized.11/ 


The average softening temperatures, ranges of softening temperatures, and 
fusibility ranges (temperature interval between the initial and fluid tempera- 


tures) by beds and States are given in table l. 


10/ Work cited in footnote 8. 
1ll/ National Research Council, Chemistry of Coal Utilization: John Wiley & 
Sons, vol. 1, 1945, pp. 496-571. 
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SOFTENING TEMPERATURE BY CLASS 


In a previous publicationl2/ the softening temperature of coal ash from 
coals of the United States had been arbitrarily divided into three classes: 


Class I. - Softening above 2,600° F. 
Class II, - Softening between 2,200° and 2,600° F. 
Class III. - Softening below 2,200° F. 


The softening temperatures in table 2 have been classified by the fore- 
going scheme according to beds and States. 


SOURCE OF INFORMATION 


The analyses tabulated in this paper were made in the Analysis Section, 
Bureau of Mines, Pittsburgh, Pa., and represent those made from June l, 1921, 
to June 30, 1957. All analyses were reviewed for this report, and those used 
represent the sizes of the coals produced. If the analytical results of re- 
peated samplings from a mine agreed, only the latest analyses were given; if 
results of samplings varied, all analyses were given to show the range that 
could be expected, 


Bureau of Mines engineers collected the tipple samples and obtained from 
mine officials pertinent information, such as mine name, bed, location, and 
preparation of the coal. Mine samples were collected by engineers and geolo- 
gists of the respective States and of the Federal Geological Survey and Bureau 
of Mines. 


These data, collected over a period of 36 years, may include some duplica- 
tions due to changes in the name of the mine. The values reported are correct 
for the samples analyzed but do not necessarily represent the average for the 
mine or present-day production, 


EXPLANATION OF TABLE 3 


Column 1 lists alphabetically the State, county, town, and mine. The 
names of the coalbeds in column 2 are those accepted by the several State 
geologists. In some districts a local bed name may be used and therefore 
may be improperly correlated, The letters M and T in column 3 indicate mine 
and tipple samples, respectively. The size and preparation of each sample 
are shown in column 4, When more than one mine sample from the same mine was 
tested, the results were averaged. Columns 6, 7, and 8 give the initial, 
softening, and fluid temperatures, respectively. 


12/ Work cited in footnote 4, p. l. 
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TABLE 1. 


State and bed 


America 
Black Creek 
Blue Creek 
Do. 
Brookwood 
Corona 
Harkness 


Milldale 
Montevallo 
Nunnally 
Pratt 
Thompson 
Woodstock 
Youngblood 


Excelsior 
Hartshorne 
Paris 
Philpot 


Brookside 


Chandler 


- Softening temperatures and fusibility ranges of ash of 


Softening Temperature, °F. 


United States coals 


Fusibility Range, °F. !/ 


Lowest | Highest | Average 2 Lowest | Highest| Average 2 
Lowest | Hig g g g 


i ae ae 


See footnotes at end of tables. 
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ALABAMA 


2,720 
2,450 


(20) 
(141) 


2,910+(5) 


2,720 
2,770 
2,380 
2,230 
2,470 
2,540 


(10) 
(16) 
(32) 
(20) 
(19) 
(24) 


2,910+(4) 


2,550 


(22) 


2,910+(5) 


2,530 
2,290 


(19) 
(28) 


2,910+(17) 


2,660 
2,400 
2,270 
2,480 
2,450 
2,190 
2,250 
2,150 


(148) 
(19) 
(24) 
(21) 
(120) 
(37) 
(63) 
(13) 


ARKANSAS 


2,170 (8) 

2,310 (183) 

2,300 (73) 

2,290 (10) 

2,300 (10) 
COLORADO 

2,440 (64) 150 
2,910+(7) - 
2,720 (14) 70 
2,410 (25) 170 
2,200 (9) 200 
2,590 (5) 160 
2,280 (8) 140 


7 


TABLE 1, 


State and bed 


C 
D 
E 
Fox Hill 
Gorham 
Hesperus 
Jack O' Lantern 
Laramie 
Lennox 
Leyden 
Mesa Verde 
Monarch 
No. 1 
Do. 
No. 2 
Do. 
No. 3 
No. 4 
Palisade 
Do. 
Pinnacle 


Tobasco 
Robinson 
Wadge 

Do. 
Walsen 
Wolf Creek 
zenith 


No. lL 
No. 2 
No. 5 
No. 6 
No. 7 


See 


footnotes at end of 


- Softening temperatures and fusibility ranges of ash of 


United States coals (Con. ) 


Softening Temperature, °F. Fusibility Range, °F. 1/ 


iawese pwerase 2) 
fe [3s fy «ts fe«tf 7 


COLORADO (Con.) 


2,540 
2,380 
2,300 
2,170 
2,290 
2,270 
2,120 
2,310 
2,220 
2,640 
2,240 
2,910 
2,460 
2,910+(8) 
2,660: (8) 
2,550 (5) 
2,240 (9) 
2,910+(2) 
2,520 (41) 
2,910+(2) 
2,460 (45) 
2,490 (15) 
2,250 (9) 
2,910+(5) 
2,530 (14) 
2,910+(8) 
2,670 (23) 
2,390 (20) 
2,720 (8) 
2,120 (8) 


ILLINOIS 


2,150 (13) 


2,030 (58) (S8) 

2,030 (273) 337 (272) 

2,170 (724) 345 (721) 
: ; 2,060 (36) 318 (36) 


tables. 
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TABLE 1. - Softening t eratures and fusibili ranges of ash of 


United States coals (Con. ) 


punibiliey tangs, °F 
ae 
es ee ee ee ee ee, 


State and bed 


INDIANA 


Brazil Block 
No. 3 
No. 4 
No. 5 
Noe 6 


Bevier 
Cherokee 
Mineral 


2,130 | 2,740 | 2,500 (32) 
1,980 | 2,220 |2,050 (50) 60 550 
1,890 | 2,190 | 2,000 (32) 


KENTUCKY - EASTERN 


Amburgy 259104 - 2,910-+(2) - - - 

Do. 2,150 2, 340 2,220 (6) 210 500 397 (6) 
Alma 2,910+ - 2,910+(4) - - - 

Do. 2,690 2,910 2,800 (15) 130 310 221 (7) 
Blue Gem 2,030 2,460 2,160 (22) 160 550 319 (18) 
Dean 2910+ - 2,910+(5) - - - 

Do. 2,620 2 , 860 2,770 (14) 150 520 269 (12) 
Elkhorn No. 1 2,050 2,910 2,590 (47) 50 510 305 (37) 
Elkhorn No. 2 2,160 2,850 2,550 (26) 170 710 384 (21) 
Elkhorn No. 3 2,910+ - 2,910+(5) - - - 

Do. 2,080 2,890 2,380 (175) 120 620 391 (173) 
Haddix (No. 5A) | 2,910+ - 2,910+(10) ~ ~ - 

Do. 2,490 2,850 2,720 (12) 160 290 221 (7) 
Harlan 2,150 2,890 2,580 (182) 140 610 327 (162) 
Hazard No. 4 2,910+ - 2,910+(19) - - - 

Do. 2,000 2,910 2,620 (201) 90 600 279 (155) 
Hazard No. 6 2,910+ - 2 ,910+(14) - - - 

Do. 2,700 2,870 2,840 (12) - - - 

Hazard No. 7 2, 910+ - 2 ,910+(33) = - - 

Do. 2,080 2,900 2,430 (34) 7 - - 


See footnotes at end of tables, 


Google 


TABLE 1. - Softening temperatures and fusibility ranges of ash of 


United States coals (Con.) 


State and bed 


Hazard No. 9 


Do. 


High Splint 
Horse Creek 


Jellico 


Leatherwood 
Lower Hignite 
Mason (Creech) 
Millers Creek 
(Van Lear) 


No. l 
No. 1 1/2 
No. 2 


No. 4 Rider 


Do. 
Pond Creek 
Do. 


Straight Creek 


Thacker 
Do. 


Upper Elkhorn 


No. 2 
Wallins 
Winifrede 


No. 9 

No. ll 
No. 12 
No. 14 


Pittsburgh 
Do. 
Tyson 


Upper Freeport 


Lower Bakerstown 
Lower Kittanning 


[Bowes 


Softening Temperature, °F. 


Fusibility Range, °F. 1/ 


Highest| Average 2/ Average 2/ 


ae a 


KENTUCKY ~ EASTERN (Con.) 


See footnotes at end of tables, 
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2,910+(7) 

2,340 (65) 
2,550 (24) 
2,290 (22) 
2,450 (32) 
2,580 (10) 
2,570 (14) 


2,580 (18) 
2,910+(13) 
2,610 (51) 
2,200 (63) 
2,910+(2) 

2,450 (12) 


2,410 (17) 


2,420 (15) 
2,910+(7) 


2,100 (97) 


2,070 (470) 
2,110 (204) 


2,270 (27) 
2,160 (31) 


2,440 (38) 
2,430 (12) 
2,910+(11) 
2,760 (14) 
2,720 (19) 
2,610 (15) 


TABLE 1. - Softening temperatures and fusibili ranges of ash of 


United States coals (Con. ) 


Softening Temperature, °F. Fusibility Range, °F. 1/ 


Highest| Average 2/ Average 2/ 


State and bed 


: a SE 


MARYLAND (Con.) 


Upper Kittanning | 2,480 2,890 2,620 (18) 90 520 329 (15) 
Waynesburg 2, 310 2, 580 2, 450 (5) 240 420 344 (5) 


MISSOURI 


OHIO 


2,250 
2,140 (8) 
2,200 (26) 
2,9104+(8) 
2,310 (288) 
2,310 (7) 
2,210 (78) 
2,130 (193) 
2,320 (30) 


Py ear ee 
> e > 


> 


Broken Arrow 
Cavanal (21) 
Henryetta (49) 
Lehigh (49) 
Lower Hartshorne (136) 
McAlester 

(Stigler) (74) 
secor 


Upper Hartshorne 


PENNSYLVANTA 
Bloss F 2,910+(9) 
Do. 2,680 (4) me 
Brookville 2,910+(7) - 
Do. 2,320 (91) 363 (85) 
Clarion 2,300 (19) 358 (19) 


See footnotes at end of tables. 


Google 


10 
TABLE 1. = Softening temperatures and fusibility ranges of ash of 


United States coals (Con.) 


Softening Temperature, = Fusibility Range, °F. 1] 


Lowest | Highest Lowest| Highest] Average 2) 
l Ss Te i a 7 


State and bed 


PENNSYLVANIA (Con.) 


Kelly 2,570 (12) 276 (11) 


Lower Freeport 2,910+(11) - 

Do. 2,500 (242) 317 (208) 
Lower Kittanning 2,910+(34) - 

Do. 2,490 (605) 361 (548) 
Middle Kittanning 2,910+(2) - 

Do. 2,440 (66) 382 (60) 
Pittsburgh 2,910+(16) - 

Do. 2,490 (538) 313 (491) 
Redstone 

(Pittsburgh Rider) 2,910+(2) - 

Do. 2,530 (39) 285 (33) 
Sewickley 2,910+(4) - 

Do. 2,360 (67) 286 (66) 
Upper Freeport 2,910+(8) = 

Do. 2,420 (521) 332 (492) 
Upper Kittanning 2,910+(9 ) - 

Do. 2,490 (151) (139) 
Waynesburg 2,490 (21) (21) 

TENNESSEE 
Battle Creek 
(Nelson) 2,110 2,870 | 2,490 (18) 190 750 417 (17) 

Big Mary 2,070 2,600 | 2,340 (30) 140 700 496 (28) 
Bon Air No. 2 2,980 2,530 | 2,250 (21) 210 570 426 (21) 
Coal Creek 2,150 2,840 | 2,450 (29) 110 610 415 (28) 
Glen Mary 2,020 2,680 | 2,400 (16) 200 440 358 (16) 
Jellico 2,080 2,750 | 2,430 (62) 60 680 440 (60) 
Mason 2,150 2,680 | 2,410 (12) 230 500 394 (11) 
No. 7 2,270 2,780 | 2,510 (6) 160 690 414 (5) 
No. 10 2,250 2,490 | 2,320 (5) 420 570 494 (5) 
No. 12 2,180 2,410 | 2,300 (7) 430 680 561 (7) 
Pee Wee 2,180 2,740 | 2,480 (24) 150 570 352 (22) 
Poplar Creek (Rex) | 2,090 2,670 | 2,360 (9) 290 560 373 (9) 
Red Ash 2, 360 2,820 | 2,580 (26) 140 530 324 (19) 
Sewanee 2,190 2,770 | 2,520 (71) 170 680 390 (63) 
Sterling 2,670 2,910 | 2,800 (9) 220 240 233 (3) 
Windrock 2,330 2,620 | 2,460 (6) 250 680 475 (6) 


See footnotes at end of tables. 
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TABLE 1. - Softening temperatures and fusibility ranges of ash of 
United States coals (Con.) 


Softening Temperature, °F. Fusibility Range, °F. 1/ 
State and bed 
weree 27 towne] Rahese] hens 2 
eS Sa I 


Blind Canyon 
Castlegate A 


Castlegate B (12) 
Castlegate D (31) 
Hiawatha (77) 
Lower Sunnyside 

Do. (12) 
Rock Canyon (8) 
Subseam No. 1 (2) 
Subseam No. 2 (25) 
Subseam No. 3 (9) 


Wasatch 


Clintwood 

Do. 2,690 (37) (31) 
Imboden 2,800 (5) (2) 
Jewell 2,360 (35) (35) 
Langhorne 2,640 (11) (11) 
Lower Banner 2,910+(8) 

Do. 2,590 (74) (62) 
Low Splint 2,630 (5) (3) 
Merrimac 2 ,910+(4) 

Do. 2,570 (73) (64) 
Norton 2,700 (5) (3) 
Pocahontas No. 3 2,620 (18) (16) 
Raven (Red Ash) 2,270 (39) (39) 
Splash Dam 2,910+(4) 

Do. 2,770 (27) (16) 
Taggart 2,370 (90) (87) 
Upper Banner 2 ,910+(4) 


2,490 (67) 


WASHINGTON 


2,910+(10) 
2,630 (16) 100 182 (13) 
Big 2 ,910+(2) - “ 
Do. 2,750 (12) 220 235 (2) 
Dolly Varden 2,710 (6) 230 267 (6) 


See Lootnotes at end of tables. 
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TABLE 1. - Softening temperatures and fusibility ranges of ash of 
United States coals (Con.) 


Softening Temperature, °F. Fusibility Range, °F. 1/ 


fovest iwerage 2) 
rf? f sf « | sfe«l7 


State and bed 


WASHINGTON (Con.) 


Frazier 2,670 (6) (6) 

Jones 2,610 (8) (8) 

Mc Kay 2,410 (23) (19) 

Roslyn 2,380 (56) (53) 

Tono No. 1 2,440 (9) (9) 
WEST VIRGINIA 

Alma 2,910+ - 2,910+(4) - - - 

Do. 2,130 | 2,860 | 2,470 (43) 110 550 349 (42) 
Bakerstown 2,000 2, 860 2,290 (58) 160 520 356 (56) 
Beckley 2,910+ - 2 ,910+( 37) - - - 

Do. 2,100 2,910 2,650 (124) 120 660 300 (83) 
Cedar Grove 2,910+ - 2,910+( 30) - - - 

Do. 2,210 | 2,910 | 2,650 (202) 80 510 264 (148) 
Chilton 2,910+ - 2,910+( 22) - - - 

Do. 2, 230 2,910 2,740 (61) 90 430 247 (34) 
Coalburg 2,910+ = 2,910+(7) = - - 

Do. 2,780 2, 880 2,850 (4) - - - 
Dorothy 2,910+ = 2,910+(51) - - ~ 

Do. 2,730 2,910 2,860 (6) - - - 

Eagle 2,910+ - 2,910+(42) - - - 

Do. 2,340 | 2,910 | 2,750 (57) 90 450 256 (30) 
Fire Creek 2,910+ - 2,910+(4) ~ - - 

Do. 2,000 2,910 2,630 (89) 90 540 307 (71) 
Glenalum 2,910+ = 2,910+(7) = ” ~ 
Hernshaw 2,310 2,780 2,540 (5) 120 550 352 (5) 
Iaeger 2,150 2,790 2,470 (9) 190 550 380 (9) 
Lower Kittanning 

(No. 5 Block) 2,910+ - 2,910+(54) - - - 

Do. 2,420 2,910 2,720 (31) 120 450 224 (23) 
Middle Kittanning 2,910+ - 2,910+(9) - - - 

Do. 2,490 2,740 2,620 (2) 230 230 230 (2) 
No. 2 Gas 2,910+ - 2,910+(8) - - - 

Do. 2,180 2,910 2,670 (64) 100 630 273 (59) 
Pittsburgh 1,970 2,630 2,180 (523) 100 620 379 (521) 
Pocahontas No. 3 | 2,910+ - 2,910+( 39) - - - 

Do. 2,140 2,910 2,540 (344) 60 650 286 (289) 
Pocahontas No. 4 | 2,910+ - 2,910+(14) - - - 

Do. 2,160 | 2,890 | 2,560 (93) 90 580 245 (70) 
Pocahontas No. 5 | 2,110 2,370 2,230 (10) 350 470 399 (10) 


See footnotes at end of tables. 
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TABLE 1. - Softening temperatures and fusibility ranges of ash of 


United States coals (Con. 


Softening Temperature, °F. Fusibility Range, °F. 1/ 


are 
it? [s,* [5s ]-«f7 


WEST VIRGINIA (Con.) 


; State and bed 


" Pocahontas No. 6 2,910+(3) 


Do. 2,690 (16) (12) 

Pocchontas No. 11 2,570 (5) (5) 
Pond Creek 2,910+( 2) 
Do, 2,740 (5) 
- Powellton 2,910+(13) 

Do. 2,540 (25) (19) 
Red Ash 2,390 (14) (14) 
Redstone 2,200 (59) (59) 
Sewell 2,910+(41) 

Do. 2,560 (363) (328) 
Sewickley 2,380 (36) (35) 
Upper Freeport 2,910+(6) 

Do. 2,580 (104) (88) 
Upper Kittanning 2,910+(1) 

: 2,550 (12) (9) 
Welch 2,910+(1) 

Do. 2,770 (14) (10) 
Winifrede 2 ,910+(28) 

Do. 2,770 (36) 


WYOMING 

Blind Bull 2,070 | 2,370 | 2,220 (7) 110 410 254 (7) 
Carney 2,040 | 2,310 | 2,200 (5) 60 100 74 (5) 
Frontier No. 1 2,130 | 2,210 | 2,170 (6) 160 270 227 (6) 
Hanna No. 2 2,210 | 2,540 | 2,350 (10) 50 300 111 (10) 
Johnson 2,180 2,470 | 2,300 (10) 170 500 345 (10) 
Monarch 2,070 | 2,510 | 2,240 (20) 50 360 177 (20) 
No. 1 2,030 | 2,860 | 2,330 (29) 80 480 235 (28) 
No, 3 2,910+ - 2 ,910+(3) - - - 

Do. 1,970 | 2,910 | 2,340 (30) 80 400 197 (21) 
No. 7 2,030 | 2,910 | 2,390 (37) 90 560 272 (31) 
No. 7 1/2 1,970 2,420 | 2,150 (11) 160 570 316 (11) 
No. 9 2,070 | 2,340 | 2,180 (5) 130 460 292 (5) 
No. 10 2,030 | 2,060 | 2,050 (5) 130 340 238 (5) 
No, 11 2,050 | 2,280 | 2,190 (13) 100 410 320 (13) 
No. 15 2,910+ - 2,910+(1) - - - 

Do. 2,100 | 2,810 | 2,380 (10) 70 520 280 (10) 
Roland-Smith 2,110 | 2,360 | 2,230 (12) 40 150 73 (12) 
Willow Creek 

(Kemmerer No. 5)} 2,080 2,410 2,260 (13) 170 520 342 (13) 


!/ Interval between initial and fluid temperatures. 
2/ Numbers in parentheses denote analyses in average. 
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14 
TABLE 2. - Percentage distribution of softening temperatures by class 


Region and state ee ae ee ee ae Number of samples 


More than 2200 to Less than 
2600 °F, 2600 °F. | 2200 °F. 


Alabama 634 
Kentucky, Eastern 1,263 
Maryland 124 
Ohio 613 
Pennsylvania 2,377 
Tennessee 332 
Virginia 507 
West Virginia 2,671 
Region average 
Number of analyses 
for region 8,521 
Arkansas 177 
Illinois 999 
Indiana 471 
Iowa 83 
Kansas 95 
Kentucky, Western 763 
Michigan 23 
Missouri 118 
Oklahoma 343 
Region average 
Number of analyses 
for region 3,972 
NORTHERN GREAT PLAINS 
AND ROCKY MOUNTAIN 
Colorado 24 20 532 
Montana 1 45 85 
New Mexico 50 4 137 
North Dakota ~ 8 25 
Utah 13 34 275 
Wyoming ll 35 201 
Region average 20 25 
Number of analyses 
for region 1,255 
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15 
TABLE 2. = Percentage distribution of softening temperatures by class (Con.) 


Region and state — ee ee Number of samples 


More than 2200 to Less than 
2600 °F, 2600 °F, |] 2200 °F, 


i C2 ft 3 | 


COAST 


Oregon 
washington 


Region average 
Number of analyses 
for region 


ALAS KAN 
Alaska 40 51 9 70 
Region average 40 51 9 
Number of analyses 
for region 70 
Average for United 
States 26 44 30 
“umber of analyses 
in report 13,110 
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